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PPARγ was evaluated using transient transfection experiments
and the PPARγ antagonist GW9662.
Results: Articular chondrocytes express 15-LOX-1 and -2 at
the mRNA and protein levels. 13-HODE and 15-HETE dose-
dependently decreased IL-1-induced MMP-1 and -13 protein and
mRNA expression. This effect does not require de novo protein
synthesis. 13-HODE and 15-HETE activated endogenous PPARγ
and GW9662 prevented their suppressive effect on MMP-1 and -13
production, suggesting the involvement of PPARγ in these effects.
Conclusions: This study is the ﬁrst to demonstrate the expression
of 15-LOX-1 and -2 in articular chondrocytes. Their respective
metabolites, 13-HODE and 15-HETE, suppressed IL-1-induced
MMP-1 and -13 expression in a PPARγ dependent pathway. These
data suggest that 15-LOXs may have chondroprotective properties
by reducing MMP-1 and -13 expression.
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FGF/VEGF RECEPTOR-DEPENDENT,
INTEGRIN-INDEPENDENT PHOSPHORYLATION OF P38,
JNK AND ERK MAPKS FOLLOWING MECHANICAL
STIMULATION OF NORMAL AND OA HUMAN ARTICULAR
CHONDROCYTES IN PRIMARY MONOLAYER CELL
CULTURE
Y. Zhou, C. Beadle, D.M. Salter, G. Nuki
Univ. of Edinburgh, Edinburgh, United Kingdom
Purpose: The mitogen activated protein kinases (MAPKs) are a
family of intracellular proteins that are involved in the regulation of
cellular activities and the control of many inﬂammatory and stress
responses. We have previously demonstrated Jun N-terminal ki-
nase 3 (JNK)-dependent increases in proteoglycan synthesis and
selective, partially integrin-dependent activation of JNK kinases in
human chondrocyte cell lines following cyclical mechanical stimu-
lation (MS). Vincent and colleagues have recently shown FGF-2
dependent activation of extracellularly regulated kinase (ERK) in
porcine bead cultures following mechanical loading and human ar-
ticular cartilage following cutting or loading. The aim of this study
was to examine the phosphorylation of MAPKs in normal and
osteoarthritic (OA) human articular chondrocytes (HAC) follow-
ing MS, and to determine whether MAPK activation was integrin
and/or receptor of FGF/VEGF dependent.
Methods: Articular cartilage was obtained from patients with OA
undergoing knee joint replacement and normal human articu-
lar cartilage postmortem. Cartilage was graded macroscopically
for OA. After enzymatic isolation, chondrocytes were cultured in
monolayer. The cells were mechanically stimulated at 0.33 Hz and
3700 μstrain in the absence or presence of the FGF/VEGF recep-
tor inhibitor PD173074, integrin blocking antibodies (P4C10 (β1),
JB1A (β1), BIIG2 (α5) and P1F6 (αvβ5)) and gadolinium. Proteins
were analysed by Western blotting.
Results: p38, ERK1/2 and JNK were identiﬁed in normal and
OA HAC. Phosphorylation of p38 increased in normal and OA
chondrocytes after 5 minutes MS and ERK1/2 phosphorylation
increased in normal chondrocytes following 10 minutes MS. Phos-
phorylation of ERK1/2 in OA HAC following MS was more variable.
Phosphorylation of 46 kDa JNK increased after 10 minutes MS,
but no phosphorylation of 54kDa JNK could be detected follow-
ing MS in normal or OA chondrocytes. In normal chondrocytes
MS-induced phosphorylation of p38 and ERK were inhibited by
PD173074 at concentrations 25 nM. In OA chondrocytes MS-
induced phosphorylation of ERK was also inhibited by 25 nM
PD173074, but MS-induced phosphorylation of p38 was only inhib-
ited by higher concentrations of PD173074 (>250 nM) suggesting
the possibility of inhibition of VEGF. No inhibition of MAPK phos-
phorylation induced by MS was observed following pre-incubation
with integrin blocking antibodies or gadolinium (10 μM).
Conclusions: Normal and OA HAC express MAPKs in primary
monolayer culture and p38, JNK and ERK 1/2 are phosphorylated
following cyclical MS. Activation of MAPKs in normal and OA HAC
in monolayer cell culture following MS is FGF/VEGF receptor-
dependent and not mediated by integrins or stretch activated ion
channels.
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Purpose: Transforming growth factor-β (TGF-β) is a multifunc-
tional growth factor that regulates cell proliferation, differentiation
and extracellular matrix (ECM) production. TGF-β plays a critical
role in maintaining cartilage homeostasis and abnormal TGF-β
activity has been implicated in degenerative joint diseases such
as osteoarthritis (OA). Despite this, the information available on
TGF-β receptors in human chondrocytes is limited. Endoglin is a
TGF-β co-receptor predominantly expressed in endothelial cells
that binds TGF-β1 and -β3 with high afﬁnity in the presence of the
TGF-β type II receptor. Our previous work has shown that endoglin
is expressed in human chondrocytes and forms heteromeric com-
plexes with the TGF-β type I and type II receptors. The purpose
of this study was to determine if endoglin expression is regulated
during subculture-induced dedifferentiation and whether endoglin
regulates TGF-β Smad-dependent signaling and ECM production
in human chondrocytes.
Methods: Human chondrocytes (C28/I2, tst/AC62 and primary ar-
ticular chondrocytes) were grown in alginate 3D culture to promote
chondrocyte redifferentation and then cultured in monolayer for 24
hours (early passage) or serially passaged up to 10 times (late
passage) to promote chondrocyte dedifferentiation. Early passage
chondrocytes were transfected with (i) endoglin or its empty vector,
(ii) endoglin-speciﬁc antisense morpholinos or control morpholinos
or (iii) endoglin-speciﬁc siRNA or control siRNA and treated without
or with TGF-β1 under serum-free conditions. Endoglin expression
was determined by afﬁnity labelling with 125TGF-β1, Western blot-
ting and RT-PCR. TGF-β responsiveness was determined by mea-
suring phosphorylation of Smad2 and ECM (type II collagen and
PAI-1) expression by Western blot. Smad3-driven transcriptional
activity was determined using the Smad3-responsive CAGA12-lux
luciferase reporter construct.
Results: Endoglin expression is increased and type II collagen ex-
pression is decreased in human chondrocytes during subculture-
induced dedifferentiation. Endoglin inhibits Smad2 phosphoryla-
tion, Smad3-driven transcriptional activity and ECM production in
reponse to TGF-β treatment.
Conclusions: Our results suggest that endoglin may represent
a potential marker of chondrocyte phenotype and establish a
link between endoglin expression, ECM production and TGF-β
responsiveness. Understanding mechanisms regulating endoglin
expression may lead to novel therapeutic approaches to promote
cartilage regeneration and repair to combat degenerative joint
diseases including OA.
